This is the definition that I shall adopt for the following discussion. 'Life' is that which evolves in a darwinian sense.
Introduction
All of the life that is known, all organisms thai exist on Earth today or are known to have existed on Earth in the past, are of the same life form: a life form based on DNA and protein. It does not necessarily have to be that way. Why not have two competing life forms on this planet? Why not have biology as we know it and some other biology that occupies its own distinct niche? Yet that is not how evolution has played out. From microbes living on the surface of antarctic ice to robe worms lying near the deep-sea hydrothermal vents, all known organisms on this planet are of the same biology.
Looking at the single known biology on Earth, it is clear that this biology could not have simply sprung forth from the primordial soup. The biological system that is the basis for all known life is far too complicated to have arisen spontaneously. This brings us to the notion that something else, something simpler, must have preceded life based on DNA and protein. One suggestion that has gained considerable acceptance over the past decade is that DNA and protein- Some functional variafiom will be more useful than others, and it is the variations that are. most favorable, together with the DNA that descn'bes them, that are selected to begin the next round of ampfification, mutation, and selection. And so it goes, round after round, generation after generation. The power of darwinian evolutio,, and the success of fife on earth, are atm'butable to the very large number of repetitions of this cycle that can occur. Biology on Earth has undergone trillions of rounds of amplification, mutation and selection. These events, played out on a global scale, constitute the natural history of our planet.
However, as alluded to previously, th_ is all too complicated if one is thinking about the prebiotic Earth. It is not so difficult to imagine how an instruction in DNA could be copied over to an RNA messenger. But it is very hard to imagine how that message could be translated into protein without the aid of a complex biochemical apparatus such as the ribosome. If one is considering a time prior to Why not, therefore, have a life form that is based solely on PaN/k, in which RNA/._ at once both the instructional molecule, the genotype, and the functional molecule, the pheootype? RNA as an instructional molecule can be amplified, subject to mutational error, to produce progeny copies of variable composition.
RNA as a functional molecule can be subject to a selection process, such that those individuals that are best able to solve problems imposed by the environment are c_osen as the prototypes to begin the next round of amplification, mutation and selection.
RNA is a polymer made up of subunits, termed 'nucleotides'. The subunits are of four types: adenmine (A), guanosine (G), cytosine (C) and uracil (U). It is the specific ordering of the subunim within the polymer, for example out the process by which the subunits are joined to form mature proteins. RNA is also involved in editing and splicing vario_ bits of genetic information, to properly arrange the genetic instrucfiom prior to translation. RNA is even needed for the replication of DNA. When DNA is copied, the process is initiated by the production of a partial RNA copy, which is then extended to give DNA. In .,4 144 EXTRATERRESTRIAl.S: WHERE ARE TllEY?
The Prebiotic Earth
The story begins roughly 4.6 billion years ago, generally agreed to be about the time when our solar system was formed. This number is based on isotope dating of lunar rocks returned from the Apollo missions and of fallen asteroids. Prior to 4.6 billion years ago the pre-solar system consisted of a swirling cloud of gas and dust, collapsing under its own gravitational forces. At the center of this giant cloud, the Sun began to form. At varying disumces from the center, matter condensed to form planetesimals -solid objects only a few kilometers in diameter. These in turn coalesced to form planets, although the details of this process are somewhat unclear. In any case, within 100 million years, roughly 4.5 billion years before the present, the formation of the Earth was largely complete (Stevenson, 1983) .
Over the next 300 million years, from 4.5 to 4.2 billion years ago, the young Earth continued to secrete material, picking up stray planetesimals and debris that lay in its orbital path. As this material impacted the Earth, its kinetic energy was transferred to the planet in the form of buried heat. As a counterbalance, the Earth underwent convective cooling, causing much of the buried heat to be radiated back to space. Eventually, however, the Earth reached a size at which convection could no longer keep pace with the amount ofheat being buried, and planetary temperatures began to rise. These conditions made it impossible for liquid water to exist, which in turn made it impossible for RNA-based life to exist.
When was it first l?es_'ble that there was liquid water on Earth? There are two ways of looking at this problem. On the one hand, suppose that water was present from the time of initial accretion. Then it would have been especially difficult for the planet to maintain a moderate temperature, because water vapor in the atmosphere would act to promote a 'greenhouse effect'. Water vapor, like carbon dioxide, is a greenhouse gas that reflects some of the Earth's radiated heat back to the surface. This would diminish the amount of buried heat that could be radiated to space, resulting in increased surface temperatures, which in turn would cause still more water to evaporate and enter the aunosphere. The culmination of this positive feedback loop would be a runaway greenhouse effect, causing all of the surface water to evaporate and the Earth to be covered by a global magnm ocean (Kasting, 1988; Zahnle eta/., 1988) . Thus, ffwater was present from the beginning, the dawn of the RNA world could not have occurred until after the Earth's crust had cooled to the point that liquid water could be present again.
On the other hand, suppose that water was not present from the beginning and instead was delivered m the planet at a later time by impacting comets (Chyba, 1987 
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Thegeologic record extends a bit further thanthetimeof theoldest known stromatolites andmicrofossiis. Theoldest well-characterized rocks are3.77 biHiun years old, found intheIsxm region ofsouthwestern Greenland. These rocks have undergone metamorphosis at extremely high temperature and as a resu/t are not expected to contain fossil evidence of life. However, the organic carbon in these rocks is very slightly enriched in the isotope nC relative to I_C, and this observation has been taken by some as indirect ev/dence of life (Schidlowski eta/., 1983; Schidlowski, 1988) .
Biological organisms that fix carbon, i.e. convert carbon dioxide to sugar, do so with the help ofprotein enzymes. These enzymes tend to discriminate among the various isotopes of carbon, preferentially incorporating nC while excluding '3C. Organic debris ot' biogenic origin tends to be slightly enriched in J2C, as is true, for example, of the material obtained from the 3.56 billion year old stromatorites discussed above. The very slight nC enrichment of the 3.77 billion year old rocks from Greenland is a soft call at best. It has been argued that the reason that the enrichment is so slight is because intense metamorphosis has allowed partial re-equilibration of the carbon isotopes (Schidlowski, 1988) . In effect, this is arguing that the carbon isotope evidence for life is lacking, but is lacking in just the way one would expect if life had been present. It is fair to say that there is no substantive claim for life, let alone DNA-and protein-based life, older than 3.56 billion years.
A New Approach
There is another approach to the problem of the existence of the RNA world. If The challenge is to devise RNA molecules that have the ability to direct their own replication. Replication should be made to occur with occasional mutations, so that the progeny copies resemble, but are not idcnfical with, their parents.
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Selection would be expected to occur automatically, favoring those molecules that replicate most rapidly under the prevailing reaction conditions. Progress is occurring along these lines. It is now possible to amplify, mutate, and select large populations of RNA molecules in the laboratory (Joyce, 1989 
